ions, proteins and some other biomolecules. In this study, tannins extracted from Terminalia arjuna as the porogenic agent to create the porous structure through emulsion templating process. Synthesised porous resin contains µm and nm scale porous structures.
INTRODUCTION

Scanning electron microscopic (SEM) studies
obtained using a scanning electron microscope (Hitachi
RESULTS AND DISCUSSION
Synthesis of tannin-phenol-formaldehyde resins (TPFR)
Coconut oil is a commonly used vegetable oil produced When considering the fatty acid composition, coconut oil contains a higher (Table 2) . As unsaturated fatty acids are more susceptible to oxidative reactions, according to fatty acid activity coconut oil is expected to oil. Therefore, has a ing to pass a through, indicating that the porous structure is a closedcell type.
Determination of IEC of resin systems
The IECs obtained for unsulfonated different tannin to phenol ratios and the IECs of sulfonated resin systems are The h 3 had a tannin/phenol ratio of 1:1.
The simple tannin formaldehyde resin that does
It is due to the acidic character of the phenolic hydroxyl groups present in the resin . With increasing incorporation of phenol into the reaction mixture, the IEC increased as 2. According to the studies of Arasaretnam and , the measured in a an increase of phenol units in the TPFR system increases available ion exchange sites.
The introduction of strong acidic groups (SO 3 -) to the TFR and TPFR systems using sulfonation has increased the effect of sulfonation groups restrict the sites for sulfonation because of the complex branched structure of the tannin molecules. steric hindrance by separating the tannin molecules, providing more sites for sulfonation in both phenol and tannin molecules.
According to previous studies sulfonated resin highest IEC for monovalent cations (H + /Na + ) (i.e. 0.6450 meq/g) . In this study, the 3 Na resin system had a similar IEC 1:1 tannin:phenol ratio. 3550 to 3100 cm -1 broad absorption band corresponds to -OH bridging groups et al., 2006) and the corresponding peak in the crude tannin sample is high in intensity compared to that of the dried bark sample.
FTIR analysis
-1 -1 absorption bands can be attributed to aromatic skeletal vibrations, representing C = C stretching (Steyermark, 1976) . The tannin extract from the bark has a much stronger peak the tannin extract from the bark has a much higher concentration of aromatic compounds (Arasaretnam . The 1420 to 1330 cm -1 absorption band belongs to the O-H in plane deformation (Steyermark, 1976) . The peaks at 1340 cm -1 in the crude tannin extract and 1367 cm -1 in the dried bark sample can be assigned to O-H in plane deformation. Again, the intensity of the band of crude tannin extract is stronger than the dried bark sample. The 1260 to 1000 cm -1 strong absorption band indicates C-O stretching vibrations in alcohol and phenol (Steyermark, 1976) . The absorption band at 1199 cm -1 can be assigned to C-O stretching vibration and it has a much higher intensity in the extracted crude tannin (Steyermark, 1976; Stuart, 2005; 3 3 Na and the corresponding tannin extract in the range of 660 to 3990 cm -1 . The strong broad peaks at 1157 and 1143 cm Na) compared to that of the tannin sample. This may be due to volume contraction occurring during resin polymerisation. The 1500 to 1400 cm -1 C = C stretching band intensity clearly decreases in the resin spectra compared to that of the tannin sample. This reduction of the band implies that crosslinking reactions have 3 s at 1157 cm -1 and this broad, intense peak can be attributed to S=O groups. The peak appearing in the -1 range, that can be assigned to phenolic -OH has been -1 ) to higher -1 ). Further, the appearance of a shoulder (3200 cm -1 ) can be seen in the sulfonated resin spectrum. The shoulder s to the -OH peak of tannins and unsulfonated resins, and indicates the groups. The peak around 3500 cm -1 can be assigned to free -OH groups. Hence, it can be concluded that sulfonation has liberated some of the hydrogen bonded -OH groups. some unaffected -OH groups represented by the shoulder around 3200 cm -1 . This results resin has been successfully sulfonated (Steyermark, 1976; Stuart, 2005 ; Pena et al 
Scanning electron microscopic (SEM) image analysis
According to SEM images of the original resin system heterogeneities and those can be due to high condensed matrix. In 7 (a) to (f)], it can be clearly observed that the resin system contains µm and nm scale pores and also some heterogeneities. Figure 7 (a) provides evidence that the prepared porous resin system is composed of both closed cell and open cell structures. Figure 7 (b) is a closed structures in both µm and nm scale. 
